Since the nineteenth century ships have been using ballast water (BW) for safety, stability, propulsion and maneuverability, as well as to redress loss of fuel weight and water consumption, and to maintain structural stress at acceptable levels.
INTRODUCTION
Ships have always required ballast to operate successfully and safely. For centuries, they carried solid ballast in the form of rocks, sand and many other heavy materials.
From the 1880s onward, ships increasingly used water for ballast, thereby avoiding time-consuming loading of solid materials and instabilities resulting from the shifting of solid ballast during a voyage. However, discharged ballast water (BW) may release organisms into the environment (14, 31, 37) . In addition, human activities are directly or indirectly resulting in an impoverishment of marine biodiversity, especially when wastes are discarted into sea without appropriate treatment, thereby disseminating pathogenic microorganisms via domestic and nosocomial sewers (17, 19, 23, 24) . These can reach beaches, ports and areas of marine product cultivation, putting human communities at risk (2, 3, 7, 15, 33) .
Currently, it is known that BW discharge into sea is potentially the greatest accidental manner of introducing undesirable non-native organisms into ports throughout the world. Due to the great volume of water used as ballast in modern ships, the spreading of organisms around the globe has increased, causing damaging human health, biodiversity, fishing activities and marine farms (6, 9, 21, 33, 37, 39, 42) .
The success of bioinvasion mediated by BW is a process of several steps (5) . First, organisms must survive extreme conditions during transport and subsequently deballast. To adapt to new environment, the organisms need to be sufficiently numerous for reproduction, present a high level of competitiveness against possible antagonists, and their reproduction rate must be sufficient to compensate for the mortality that can occur during their dispersion (1) . According to some authors, BW can transport bacteria (43) , protists (12, 13) , protozoa (14) , algae, zooplankton, benthonic invertebrates and fishes among harbors (6, 27, 43) .
PHYTOPLANKTON
The introduction of non-native aquatic species into North America has been observed since the beginning of transoceanic travels. In fact, organisms representing almost all taxonomic groups have been introduced in several areas in the world (30) . At least 57 species of organisms may have been introduced by BW in the USA and some of these cause ecological and economical impacts (21, 26, 32, 37) . In this country, specifically, the scale of introduction of non-native species is enormous: 136 were detected in the Great Lakes, at least 43 of these since 1960 (30 Phytoplankton are probably the most successful organisms transported in BW because they are small, ubiquitous and capable of surviving in the darkness of ballast tanks (some transform themselves into a sleeping cyst) (27, 40) . Around 342 phytoplankton species, especially Cyanophyta, Dinoflagellata, Bacillariophyta and Chlorophyta were isolated in nine ships. In a single ship were also found 145 different species, 132 of which were diatomaceous.
Nevertheless, the most notable example of invasion that had great influence on an ecosystem was represented by the zooplankton Mnemiopsis leidyi in the Black Sea.
This ctenophore was brought from the northwestern Atlantic Ocean accidentally in the 1980s, probably by BW. The organism spread to the north, to the Sea of Azov, and to the south, to the Marmara and Aegean Seas. In 1999, it reached the Caspian Sea where it is now expanding (38) . In the Black and Azov Seas, its massive development rate led to a catastrophic decline not only of zooplankton, but also of pelagic fishes. Additionally, the successful development of M. leidyi has been explained by the absence of predators, the ability to compete with native consumers of zooplankton, such as Aurelia aurita, and also by M. leidyi predation on eggs and larvae of zooplankton-eating fish (38) .
BACTERIA
Possibly, the least studied aspect of marine bioinvasions is the transfer of nonindigenous microorganisms (10, 18) . Commercial ships have spread them around the globe, but little is known about the extension and significance of this transference. The global movement of BW creates a dispersal mechanism for worldwide long-distance distribution of human pathogens, which consequently increases the number of waterborne diseases, affecting humans, plants and other animals (35, 37) . Dis., 2008, 14, 3, p. 396 indicates that the microorganism is capable of surviving in both estuarine and marine waters (28) .
A study carried out by Delille and Delille (10) found the presence of enteric bacteria even in Antarctic ice. In January of 1991, a cholera outbreak was first detected in Peru and in September of the same year, it quickly dispersed throughout South America and Mexico. In June of 1992, the microorganism was detected in the USA after tests performed on the BW of several South American ships (28) . Delille and Dellile (10) also mentioned that a cholera outbreak that had begun in Indonesia in 1961 had completed its global cycle in 1991 and that the same infection was introduced in the 1990s in Latin America by sea traffic.
Historically, most of the cholera outbreaks that happened in the world originated in coastal areas seasonally, especially during Spring and Autumn (8) . In 1991 and 1992 toxigenic Vibrio cholerae O1, serotype Inaba, biotype El Tor, was detected in non-potable water from five cargo ships docked in the Gulf of Mexico.
Four of these ships carried BW from countries affected by cholera and the fifth from a non-infected area. The isolates were examined by gel electrophoresis and were very similar to the C6707 strain from the Latin American outbreak, but were significantly different from the endemic strain from the Gulf of Mexico (VRL1984), the sixth pandemic strain (569-B), and from the Vibrio cholerae O1 strain from ships that had returned from foreign ports (25) .
A global effort driven by the FDA in association with the US Coast Guard and quarantine officials from the CDC, in those same years, showed that six of 109 In his investigation, Ruiz (37) also states that the coastal ecosystems are frequently invaded by BW microorganisms and this fact is due basically to three factors:
• the concentration of bacteria and virus exceeded the other taxonomic groups by an order of magnitude from 6 to 8;
• the biology of many microorganisms can facilitate the invasion, for instance, their high growth capacity, asexual reproduction, colony-forming abilities and;
• tolerance to a wide variation of environmental conditions, including salinity and temperature.
RESEARCH IN BRAZIL
Brazil possesses about 8,000 km of coastline with 89 commercial ports and terminals that receive ships, constituting a commercial sea traffic that grows every year.
Approximately 95% of all Brazilian external trade is conducted by sea (39) .
The protection of the marine ecosystem is an obligation of several ministries, including Environment, Transportation, Tourism and Navy. The Ministry of the Environment is responsible for managing the process that integrates coastal waters with the high seas, including biodiversity and impact of aquatic organisms transported by BW. The Ministry of Health is also involved in this activity, accomplishing the service of sanitary inspection responsible for preliminary control of diseases in the ships.
Considering that ships usually take on water to fill their ballast tanks close to estuaries, they can carry various pathogenic organisms. Since the structure of Brazilian basic sanitation is precarious in a large part of the country with widespread discarding of domestic and nosocomial sewage into estuaries and onto beaches, the probability of transporting pathogenic microorganisms from this environment is dangerously high and constitutes a potential public health hazard (2).
ANVISA (2) 
PREVENTIVE TREATMENTS
In the 1980s, an international effort was made to research treatment options for BW.
There were some concerns that the possible presence of viruses and bacteria in BW could show a real risk, although they were usually considered a secondary worry in all international operations and, consequently, the vast majority of the technologies for the treatment of BW did not include those microorganisms (36) .
This subject has carried a considerable discussion and debate due to the several treatment options, some of them rejected or refined, in basis of its impracticability or lack of a good performance (13) . In addition, these alternatives must take into account costs, safety, environmental risk and effectiveness (34 which the organisms are adapted (3). Besides, the change of BW in transoceanic trips could overload the hull, affecting its stability and structure, and putting crew's life at risk (39) .
The conventional methods of exchanging BW in high sea are:
• Total deballast and subsequent ballast shipment: is the simplest and most effective technique of exchanging BW, since it eliminates the whole content, practically. However, it presents risks for the ship stability and for the crewmembers, because the maneuvers must be accomplished in sequences,
i.e., a tank or pairs of tanks per time.
• Continuous flow: consists of changing the BW without the complete emptying of the tanks and filling them, at the same time, with clean water, in an amount three times larger than the volume of the tank. This method is more effective than the previous, since the ship is not exposed to safety risks, because there is constant maintenance of water exit and entry. However, the crewmembers are submitted to the polluted water and to the excessive pressure in the ballast tank.
• Tank overflow: is similar to continuous flow. Water is pumped in for a certain period and its excess overflows through the superior part. Although this technique guarantees stability to the ship, it reduces the effectiveness of the elimination of organisms; especially those sit on the bottom.
• Brazilian method of dilution: was conceived by naval engineers of Petróleo 
II) Filtration
Different types of filters are used for the retention of a large number of organisms.
The method also avoids the entrance of larger organisms in the ballast tanks.
However, the great amounts of water that deposits organic matter on the screens of the filters are challenges in its use. The pH can be easily adjusted to supply great conditions in the removal of residues of oxidizers and disinfectants.
III) Ultraviolet irradiation
This method works for the elimination of microorganisms, but not for larger organisms as protozoa, mushrooms and algae. In the last case, ultraviolet (UV) radiation is associated with filtration (20) . Wright et al. (44) found out that the bacterial counting after UV treatment increased, due to the destruction of phytoplankton and zooplankton which increases the available nutrients for bacteria.
IV) Heat
Heat is effective but there is a lack of studies concerning the amount heat that is necessary to eliminate a wide range of contaminant organisms. Vibrio cholerae is inactivated when heated to 73°C for 30 seconds or to 65°C for 120 seconds.
Hepatitis virus needs 90°C for 60 seconds for inactivation. And most of thermotolerant organisms need heating at 90°C for 60 seconds to be eradicated; the exception is Clostridium perfringens (41).
V) Electrical fields
The technique does not have conclusive results, although Leffler et al. (22) observed the elimination of 95% of the biota (bacteria and protists) in the BW with this treatment.
VI) Supersaturating gas system This process produces in BW a reduction of the pressure and formation of bubbles, provoking hemorrhagic effects and clot in the organisms, killing them. Its efficiency varies according to the groups of organisms and it is not able to liquidate virus, algae, bacteria, protozoan and algal cysts (44) .
Chemical
This kind of BW treatment uses chemical substances as chlorates, borates, iodides, ozone, hydrogen peroxide, organic compounds, ionization, copper ions and adjustment in the pH and in the salinity for eradication of organisms (45) .
Ozonization
The process is usually used in the treatment of drinking and industrial water. When it is employed in seawater, it reacts with the chlorine producing several corrosive substances. Since it is a very expensive process, it is unfeasible (44) .
Deoxigenization
Restriction of oxygen causes the death of several animals, as fish, invertebrate larvae and aerobic bacteria. It is considered effective against Dinoflagellata, cysts, anaerobic bacteria and several benthonic organisms (44) .
Chlorine
This treatment has proven its efficiency in fresh water. It presents as advantages easy application and handling, low cost and the capacity to treat great volumes of water. The method is already used on board of ships, but not for treatment in the Among the main activities proposed to each country were:
• to build regional partnership towards effective implementation of global regulations on BW management and control;
• to undertake port base-line surveys and initial risk assessments to provide a clear understanding of the level and types of risks of introductions that each region faces, as well as the most sensitive resources and values that may be threatened, and the management response required;
• to develop and implement communication, education and awareness raising programmes about BW as a vector for transfer of the invasive marine species;
• formation of inter-ministerial country task forces;
• to implement national compliance monitoring and enforcement systems to ensure maximum compliance with the regulations on BW management.
The analysis of the specific bibliography allows us to highlight the following observations:
• the most appropriate technique for preventing the spread of non-native species is the change of BW in high sea;
• many ships do not follow this procedure, since it is effective just in long distance trips;
• if the change of BW is associated with the load of water for ballasts in areas previously determined, there will be a decrease in the probability of spreading potentially pathogenic organisms;
• there is a scarce number of microbiological studies accomplished on BW in the globe, mainly in Brazil, where there is only one report by ANVISA;
• it is undeniable that larger efforts and investigations for preventing the spread of pathogenic and non-native organisms via BW are necessary.
